Objective: To characterize meal patterns in relation to obesity in Swedish women using a simple instrument describing meal frequency, meal types and temporal distribution. Design: Cross-sectional parallel group design. Subjects: Eighty-three obese women from the Swedish Obese Subjects (SOS) study were compared with 94 reference women, randomly recruited from the population. Method: A new, simplified and self-instructing questionnaire was used to assess meal patterns. Usual meal pattern was reported as time and meal type for each intake episode during a typical day. Results: The obese women consumed 6.1 meals=day compared with 5.2 meals=day among the reference women (P < 0.0001). All types of meals except 'drink meals' were significantly more frequently consumed in the obese group. The obese women also displayed a different meal pattern across the day, consuming a larger number of meals later in the day. As a result a larger fraction of each obese woman's total meals were consumed in the afternoon and in the evening=night. There was no difference in the number of obese vs reference women consuming breakfast. Snack meals were positively associated with total energy intake in both groups. Conclusions: A new simplified method assessing meal pattern revealed that the number of reported intake occasions across a usual day was higher in obese women compared with controls and the timing was shifted to later in the day. These findings should be considered in the treatment of obesity.
Introduction
Obese individuals are often considered to skip breakfast, consume little or no lunch and compensate by overeating during late afternoon and night. The evidence to support this opinion is sparse. Fábry reported a negative relation between meal frequency and obesity 30 y ago. He found that consumption of three meals or less per day ('gorging diet') was associated with overweight, hyperinsulinemia and impaired glucose tolerance, compared to five meals or more per day ('nibbling diet'; Fábry et al, 1964; Fábry & Tepperman, 1970) . Based on these findings it has even been speculated that a high meal frequency may be protective against obesity. However, it is well recognized that obese subjects under-report their energy intake to a larger extent than individuals in the normal weight range (Black et al, 1991; Heitmann & Lissner, 1995; Prentice et al, 1986) . Therefore, previous observations regarding meal patterns may also be affected by under-reporting. In support of the latter idea, data from Summerbell et al showed an inverse relationship between meal frequency and body mass index (BMI) , that disappeared after exclusion of dietary under-reporters (Summerbell et al, 1996) . Several other studies have observed negative or no association between meal frequency and obesity (Dreon et al, 1988; Drummond et al, 1998; Metzner et al, 1977) .
Besides under-reporting, a variety of methodological problems may have caused the lack of agreement in previous studies (Gatenby, 1997) . For instance, different definitions of intake occasions may result in different interpretations and the non-homogeneous methodology often makes comparisons between studies difficult or impossible (Andersson & Rössner, 1996; Dreon et al, 1988; Edelstein et al, 1992; Kant et al, 1995; Longnecker et al, 1997; Summerbell et al, 1996) . A limiting factor in this type of research is the lack of straightforward methods. Most existing dietary assessment methods are developed to analyze energy and nutrient intake and sometimes food categories, but rarely meal patterns.
The aim of this study was to investigate differences in meal patterns between obese women and women randomly selected from a population, using a newly developed method describing meal patterns. Special attention was given to consumption of small meals and snacks outside the normal eating times, since snacks may not induce satiety (Booth, 1988; Drummond et al, 1996; Marmonier et al, 1999) . The present study was thus based on the hypothesis that the snacking meal pattern may be a key factor in obesity. In addition to total energy and overall meal frequency, special attention was paid to breakfast, between-meal eating and night-eating.
Subjects and methods

Subjects
The study comprises two groups of women, one group of obese women and one group of women representing a normal population. All women were 37 -60 y old and all of them were living in the southwest region of Sweden.
Obese women. A subsample of 100 obese women was selected from the registry of the SOS study (Swedish Obese Subjects; Sjöström et al, 1992) and 86 women agreed to participate in this study of meal patterns. Three women were excluded due to shift work, resulting in a total of 83 obese participants (Table 1) .
Reference women. In order to provide a population based reference group to the SOS study 976 men and 1061 women randomly selected from the Swedish cities Mölndal and Ö rebro were invited to a health examination between 1994 and 1999. In this so-called Mölndal study the age interval was 37 -60 y and the participation rate was 54% among men and 58% among women. All participants of the Mölndal study went through the same examinations and answered the same questionnaires as the participants in the SOS study (Sjöström et al, 1992) . The first 100 women actually examined in the city of Mölndal were invited to take part in the current study of meal patterns and 94 women agreed to participate (Table 1) .
All Mölndal and SOS subjects underwent a physical examination including anthropometric measures as described previously (Lissner et al, 1998; Sjöström, et al, 1992) . The obese women had a mean BMI of 41.0 kg=m 2 whereas among the reference women mean BMI was 23.8 kg=m 2 (Table 1 ). The minimum BMI in SOS was 33.5, whereas the maximum in Mölndal was 31.6; thus there is no overlap of BMI between the two groups of women. Self-reported sleeping hours did not differ between the obese women and reference women.
The study was approved by the ethical committees of the participating universities in Sweden.
Dietary methods
A newly developed questionnaire, the meal pattern questionnaire, was used to describe meal frequency, type of meal and time for meal (Appendix 1). The women were asked to describe how they usually ate on an 'ordinary' day, specifying time for meal and choosing the type of meal best corresponding to their own meal. Four different meal types were defined; main meal, light meal=breakfast, snack meal and drink meal. There was no strict definition of the meals but examples were given on the questionnaire.
The aim was to identify all intake occasions, even those consisting only of a drink. In the instructions subjects were reminded to include snacks and other light meals and that they could have several main meals during a day. Breakfast Meal patterns and obesity HB Forslund et al was identified as a light meal in order to differentiate it from main meals and snack meals. All types of meals are referred to as 'meals' in the text. The questionnaires were mailed to the obese women and answered at home. The women in the reference group answered the questionnaire during the health examination. All questionnaires were checked by the same dietician. Shiftworkers were excluded, as mentioned above, in order to simplify the analysis of temporal eating patterns. None of the questionnaires had to be excluded on the basis of incompleteness.
In addition all the women completed a self-administered dietary questionnaire as a part of the health examination. This method, giving the amount of macro-and micronutrients, has been validated and described elsewhere (Lindroos et al, 1993) .
Reproducibility of the meal pattern questionnaire. All individuals, 21 men and 29 women, who participated in the Mölndal study during autumn 1997 were selected to take part in the assessment of reproducibility of the meal pattern questionnaire. Three months after the health examination the participants were asked to fill in the meal pattern questionnaire a second time. The questionnaire had an additional question 'Have you made any major changes in your meal patterns the last three months?' If they had, they were asked to describe the changes.
Fifteen men and 23 women answered the meal pattern questionnaire a second time. Two men were excluded in the analyses, one due to shift work and one due to major changes in the meal pattern. All the women were included in the analysis. In total, 36 subjects were included in the analysis of reproducibility.
Data analysis
Meal pattern questionnaire. Time periods were used to facilitate the analysis of time for meals. The 24 h were divided into nine groups as follows: 1 ¼ 00.00 -05.59; 2 ¼ 06.00 -09.59; 3 ¼ 10.00 -11.59; 4 ¼ 12.00 -13.59; 5 ¼ 14. 00 -15.59; 6 ¼ 16.00 -17.59; 7 ¼ 18.00 -19.59; 8 ¼ 20.00 -21.59; 9 ¼ 22.00 -23.59 .
The data from the meal pattern questionnaire were analyzed with respect to four different aspects.
Mean number of meals per person per day. Meals were analyzed in total number of meals per woman per day. The meals were divided in four meal types. Meals were analyzed for 24 h and in separate time periods. Two-sample t-test was used to compare means.
Fraction of women having a meal in different time periods. The percentage of women having at least one meal in a specific time period was analyzed. Chi-square was used to test for differences in frequencies between the groups.
Proportional distribution of meals across the day. The percentage of each woman's total meals in different time periods was calculated. The percentages within each time period were averaged. Two-sample t-test was used to compare the temporal distribution between the groups. Association between energy intake and meal pattern. Pearson's correlation coefficient and multiple linear regression analysis were used to describe association between variables.
Dietary questionnaire. Nutrient intake. The mean values for macro-and micronutrients in the dietary questionnaire were analyzed in each group of women. Two sample t-test was used to compare means between the obese women and the reference women.
Results
Meal pattern questionnaire
Mean number of meals per person per day. The obese women had significantly more meals per day compared to the reference women, 6.1 vs 5.2 (P < 0.0001). The largest fraction of the reference women had an intake of five meals per day. Obese women, however, most frequently had an intake of six meals per day.
All types of meal except drink meals were significantly more frequently consumed in the obese group. The obese women had on average 1.4 main meals vs 1.2 in the reference women (P ¼ 0.008), light meals=breakfast 1.6 vs 1.3 (P ¼ 0.003) and snack meals 2.2 vs 1.6 (P ¼ 0.0001; Figure  1 ). The largest difference was seen for snack meals.
Traditional meal times vs other times. As shown in Figure  2 , the mean number of meals (all types of meal included) per woman was plotted in nine time-periods. The meals were classified according to whether they occurred in the traditional Swedish time periods for breakfast (06.00 -09.59), lunch (12.00 -13.59) and dinner (16.00 -17.59, 18.00 -19.59) or during non-traditional mealtimes. As shown on the left-hand side of Figure 2 the mean number of meals during traditional mealtimes was approximately the same in the obese and reference women. In contrast, during the nontraditional meal periods, there were significantly more meals per person in the afternoon, 14.00 -15.59, and in the evening and night, 20.00 -21.59 and 22.00 -23.59, among the obese women.
Evening and night-intakes. The difference in night-eating became obvious after 20.00 h. The mean number of meals in the period 20.00 -21.59 was 0.78 and 0.53 (P < 0.001) and in the period 22.00 -23.59 mean number of meals was 0.24 and 0.07 (P < 0.01) for the obese women and the reference women respectively; Figure 2 . Only snack meals contributed to this difference. Swedish mealtimes. **P < 0.001; ***P < 0.001; ****P < 0.0001 and CI bars.
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When breakfast was defined as a meal between 06.00 -09.59, excluding drink-meals, 86% of the reference women had breakfast compared to 92% of the obese women (P ¼ 0.26). If morning snack meals were excluded in the definition of breakfast, there was still no significant difference between the groups. The corresponding figures were 79% in the reference women and 83% in the obese women (P ¼ 0.46).
In the afternoon, 14.00 -15.59, 84% of the obese women had a meal (all types of meal included) compared to 59% of the reference women (P < 0.001) In this time period, 64% of the obese women had a snack meal. The corresponding figure in the reference women was 26% (P < 0.00001). This difference was not found in the other types of meals. When including the whole night, 20.00 -05.59 in the night eating period, 60% of the reference women compared to 83% of the obese women had a meal after eight o'clock in the evening (P < 0.001).
Proportional distribution of meals across the day. The distribution of each woman's meals over the day was calculated, see Table 2 . Each woman's total number of meals was divided in the time periods 'breakfast intakes', 'late morning intakes', 'lunch intakes', 'afternoon intakes', 'dinner intakes', 'evening intakes' and 'night intakes'. The obese women consumed a smaller fraction of their total meals during the 'breakfast intake' period, ie 06.00 -09.59, but a larger fraction in the afternoon, evening and night periods than the reference group. The more frequent afternoon snacking and evening=night-eating among the obese women thus resulted in a meal pattern shifted to later in the day, although absolute number of meals did not differ during the morning hours (06.00 -11.59).
Reproducibility of the meal pattern questionnaire. Mean number of meals was 5.2 in the first questionnaire compared to 5.7 in the second questionnaire (P < 0.001). The correlation coefficient for total number of meals was r ¼ 0.7. Figure 3 Percentage of women having at least one meal in different time periods divided into traditional Swedish mealtimes and between traditional Swedish mealtimes. **P < 0.01; ***P < 0.001; ****P < 0.0001. 
Dividing the number of meals in quartiles showed that 72% of the subjects belonged to the same quartile at both occasions, 14% were classified in adjacent quartiles and 14% were missclassified.
Dietary questionnaire
Nutrient intake. Table 3 gives energy and macronutrient intake of the subjects. The obese women had a significantly higher energy intake compared to the reference women. There were also differences in macronutrient intake. The obese women had a higher fat and protein intake both in absolute figures and as percentages of energy. The percentage of carbohydrate intake was lower in the obese group and it may be noted that the intake of mono-and disaccharides in percentage of energy was the same in the both groups, suggesting that the obese women had a lower percentage of complex carbohydrates in their diet. The fiber intake expressed in g=MJ was significantly lower in the obese group. Finally, the obese women had a lower alcohol intake both in absolute figures and as a percentage of energy.
Meal pattern questionnaire and dietary questionnaire
Association between energy intake and meal pattern. A positive correlation was found between energy intake and total number of meals, r ¼ 0.20 (P ¼ 0.06) in the obese women and r ¼ 0.22 (P ¼ 0.03) in the reference women. Snack meals seem to contribute to this association as corresponding figures for energy intake and snack meals were r ¼ 0.23 (P ¼ 0.04) and r ¼ 0.20 (P ¼ 0.05), respectively. In the obese women there was also a positive correlation between energy intake and main meals r ¼ 0.23 (P ¼ 0.04), but this was not found in the reference group r ¼ 7 0.08 (P ¼ 0.43).
In a multiple regression model with energy intake as response variable and snack meals as explanatory variable controlling for age, weight, height and number of sleeping hours, snack meals were a predictor for energy intake in both groups of women. The b coefficient was þ 180.9 in the obese group (P < 0.05) and in reference group þ 167.3 (P ¼ 0.04). When snack meals were replaced by main meals in the same regression model, main meals did not predict energy intake in either group of women.
Discussion
The recent epidemic of obesity is believed to reflect an increased tendency to energy imbalance due to the combination of physically inactive lifestyle and abundant diets. Increases in sedentary lifestyles have been well documented. In contrast, it has been difficult to demonstrate increases in total energy intake in populations experiencing increasing obesity (Jeffery & French, 1998; Prentice & Jebb, 1995) . The apparent stability of intake may reflect decreased physical activity, errors in estimation of intake, or both.
It is possible that small changes in intake are not captured using traditional dietary methods. Moreover, positive energy balance may in some instances be facilitated by frequent snack consumption, as suggested by Booth (1988) . A larger variety and accessibility of food is likely to have a major impact on people's dietary habits and may change the way they eat across the day. Therefore a method was developed to capture how people are eating rather than focus exclusively on the nutrient and energy content. The method was then applied in two study populations, one obese and one nonobese. It was hypothesized that these groups would differ with respect to meal frequency, meal distribution over the day and type of meals. Such differences would represent a potential dietary explanation for the secular trends in obesity that has been observed in Sweden and elsewhere.
Using this new method, we found that obese women had a higher meal frequency compared with women in a normal population. This is in contrast to earlier studies where an inverse or no relation between meal frequency and BMI was found (Dreon et al, 1988; Edelstein et al, 1992; Fábry & Tepperman, 1970; Metzner et al, 1977; Summerbell et al, 1996) . The discrepancy between other studies and ours may relate to the simplified method used. For instance our questionnaire allows the subjects to make their own decisions how many intake occasions and what type of meal they usually have. As there is no emphasis on the quantity or quality of the eating occasions it may be easier to answer this questionnaire compared to food records and 24 h recalls where the meals must be recorded in detail. The fact that none of the questionnaires had to be excluded due to incompleteness provides further indication that the questionnaire was easy to answer.
The simplicity and lack of details with this method may also have made under-reporting less likely to occur in the obese group. Under-reporting of energy intake is common among both normal weight and obese subjects (Lindroos et al, 1993; Lissner et al, 1989) and snacks may also be underreported more than meals (Poppitt et al, 1998) . Previous studies showing low meal frequency using other methods Meal patterns and obesity HB Forslund et al could be related to under-reporting. Our method is aimed to describe the habitual meal patterns. The few studies that have reported plausible energy intake among obese subjects have used dietary methods assessing habitual intake retrospectively (Beaudoin & Mayer, 1953; Fricker et al, 1989 ). In the current study energy intake was positively correlated with both total number of meals and snack meals, in agreement with findings among French obese women who had a higher energy intake among snackers than non-snackers (Basdevant et al, 1993) . In other respects it has not been possible to validate our method due to lack of appropriate standard methods. However, our results demonstrate that the method is reproducible. Furthermore, there are also difficulties comparing studies with respect to meal frequency as different definitions of meals and snacks are used. The problem with inconsistent definitions of meals and snacks has been focused on earlier (Drummond et al, 1996; Gatenby, 1997) , including the need to clarify the terminology. Commonly, low eating frequency has been defined as 'gorging' and high eating frequency as 'nibbling' (Fábry & Tepperman, 1970; Jenkins et al, 1989; Murphy et al, 1996) , but there is no agreement of the definition as a given number of meals, for example, three meals per day have been regarded as both nibbling and gorging. There is a wide range in number of meals, 3 -17 meals per day, considered as 'nibbling' and 1 -3 meals per day considered 'gorging' (Edelstein et al, 1992; Fábry & Tepperman, 1970; Finkelstein & Fryer, 1971; Jenkins et al, 1989; Murphy et al, 1996; Westerterp-Plantenga et al, 1996) . In the current study this terminology can be avoided by using number of meals as a continuum. Also because our meal frequency questionnaire does not measure size of meal, the nibbling -gorging distinction is less applicable.
Night-eating has also received much recent attention. Compared to the reference women, it was clear that the obese women in our study consumed more meals in the evening and especially after 20.00 h. This could be indicative of the night eating syndrome (NES), although the women did not fulfil the usual criteria for NES, which has been defined as night-eating, insomnia and morning anorexia (Stunkard et al, 1996) . For instance, in this study there was no difference in 'sleeping hours' between the groups. Moreover the obese in this study did not seem to have morning anorexia since they had breakfast to the same extent as the reference women. The only criteria they fulfilled was nighteating. This study suggests that obese women have the same intake occasions as the reference women in the beginning of the day but intake increases in the afternoon and evening.
The association between meal frequency and obesity is not yet fully elucidated. In this study snack meals predicted energy intake. Since a goal in obesity treatment is to reduce total energy intake this result may have implications for the treatment and prevention of obesity as well as for national dietary recommendations where the purpose is to prevent disease in the population. Obesity is a growing problem and the gateway to many other diseases. In contrast to many other countries, Sweden has national recommendations for meal frequency and meal distribution. Recommended number of snacks has been increased from 1 -2 snacks per day to 2 -3 snacks per day in the new Swedish Nutrition Recommendations (Livsmedelsverket, 1997) . To increase the number of meals without increasing the energy intake at the same time might be difficult to attain in practice. The consequences of specific meal patterns need to be further studied with regard to obesity but also diabetes to make appropriate recommendations possible.
In summary, with a new simplified method these results confirm that obese women have a meal pattern that is distinct from that of population-based controls. However, the results do not confirm a number of popular assumptions. For instance, obese women in this study do report breakfast as often as controls. Furthermore, this study does not support the idea that obese individuals consume fewer meals than controls and should therefore increase their meal frequency. Other aspects of our findings were in expected direction, ie more night-eating and between-meal snacking. In this study we used a new questionnaire focusing on usual meal frequency, mealtime distribution and meal type without assessing the meal components or energy and nutrient content. A problem in this area of research has been lack of standard methodologies. It is important to develop and implement dietary methods that capture the aspects of modern eating patterns which may influence overeating and thus promote obesity. Based on these results, it may be concluded that frequent intake episodes are a characteristic problem of many obese patients and should be taken into consideration when treating obesity.
